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Description 

A Method for providing Bitline Contacts in a Memory Cell 
Array and a Memory Cell Array having Bitline Contacts 

5 

The present invention relates to a method for providing bit- 
line contacts in a memory cell array in which a plurality of 
bit lines is arranged in a first direction, a plurality of 
wordlines is arranged in a second direction perpendicular to 
10 said first direction above said bit lines, and memory cells 
are disposed at the points at which said bitlines and word- 
lines cross each other, wherein all the portions of the memo- 
ry cell array which are not covered by the wordliens are co- 
vered by an isolating layer such as a silicon dioxide layer. 

15 

The present invention can very advantageously applied to 
NROM™ (nitride read only memory) cells which are for example 
known f rom US-A- 5 , 966 , 603 , US-A-5, 768, 192 , US-A-6 , 133 , 095 , 
and US-A-5, 963,465, 

20 

Such an NROM™ cell is a charge trapping memory device, which 
can be seen as a simple sub-micron MOS transistor whose gate 
oxide is replaced with a thin oxide-nitride-oxide (ONO) mul- 
ti-layer stack, as can be seen from Figure 1. In Figure 1, 

25 reference numeral 1 denotes a sxibstrate, for example of p- 
doped silicon. N*-doped bitlines 2 are arranged in a first 
direction, and they are covered by a thick silicon dioxide 
layer having a thickness of approximately 50 nm, also refer- 
red to as the bitline oxide 3 . The word lines 4 made of poly- 

30 cide, a dual layer structure of tungsten silicide and polysi- 
licon, are disposed in a second direction crossing the first 
direction. The second direction is prefereably perpendicular 
to the first direction. The ONO multi-layer comprising a si- 
licon dioxide layer 5, a silicon nitride layer 6, and a sili- 

35 con dioxide layer 7, is disposed between the wordline 4 and 
the silicon substrate 1. A transistor having a channel 13 is 
formed between two adjacent bitlines 2 acting as source and 
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drain electrode, the wordline 4 acting as the gate electrode 

and the ONO multi-layer acting as the gate isolator • The ONO -4 

mult i -layer covers the channel area 13 of the transistor. 

5 The intermediate layer of the ONO multi-layer stack, i.e. the 
nitride layer S, is the retaining material for one or two di- 
stinguishable pockets of electrons, close to the bit line 2 
junction edge. 

10 For sake of simplicity the concept of the NROM™ cell is de- 
scribed for the storage of one electron only; Hdiwever, cur- 
rently, the NROM™ cell is also applied for the storage of 
two electrons, 

15 Figure 2 shows a top view of a two-dimensional array of 

NROM™ cells, made of a crisscross of n*- doped bit lines 2 and 
wordlines 4 . The location of the trapped electron is near the , 
bitline junction edge, as shown in Figure 1. Also shown is 
the memory cell 11 at the cross- section whose details are . 

2 0 shown in Figure 1. The programming operation of the NROM™ | 
cell is done by Channel Hot Electron injection, which stores 
a nominal less than a thousand electrons in a lumped pocket 
close to the drain side of the cell. These electrons are lo- 
cated in localized states in the nitride layer. 

25 

An electron 8, for example, is injected and trapped by apply- 
ing a higher potential to the first bitline 2a than to the 
second bitline 2b, as is indicated by the programming direc- 
tion 10. Additionally, a sufficient voltage is applied; to the 
30 wordline 4. For reading the electron 8, a higher potential is 
applied to the second bitline 2b than to the first bitline 
2a, as is indicated by the reading direction 9, Additionally, 
a low voltage is applied to the wordline 4. 

35 As is obvious, the potential difference applied for reading 
is lower than the potential difference applied for program- 
ming. Since a comparatively high voltage is applied to the 
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wordlines for progratraning, the thickness of the spacer which 
covers the wordlines must be thicker than in other known me- 
mory devices such as a DRAM (dynamic random access memory) in 
order to avoid a breakthrough between neighbouring wordlines 
5 or between a wordline and a bitline contact- In particular, 
typical voltages applied to the wordlines of NROM™ cells are 
approximately 12 Volts, whereas typical voltages applied to 
the wordlines of DRAM cells are 3 to 5 Volts. 

10 Since the n*-doped bitlines 2 exhibit a considerable resi- 
stance/ according to a standard cell architecture,, metal li- 
nes are disposed on top of the memory cell array in arrays 
having a certain magnitude. These metal lines are also arran- 
ged in the first direction above the bitlines 2, and they are 

15 periodically connected to the underlying bitline via a con- 
tact. For example, every 8th or 16th memory cell has a con- 
tact to the metal line so as to reduce the bitline resistan- 
ce. Since these metal lines usually are very thick, they 
place a further restriction upon the shrinkage of the memory 

20 cell size. 

Conventionally, the contact between bitline and metal line 
can be provided by a method in which after the formation of 
the wordlines the whole memory cell array is covered by a bo- 

25 ron phosphorous silicate glass as well as a silicon dioxide 

layer. Then, the silicon dioxide layer, the boron phosphorous 
silicate glass as well as the underlying bitline oxide are 
etched at predetermined positions which are for example pho- 
tolithographically defined using a mask having a hole pattern 

30 so as to provide the contact holes. Thereafter, the contact 
holes are etched selectively with respect to the wordlines, 
especially the nitride spacer and nitride cap of the gate 
electrodes. Accordingly, the lateral extension of the contact 
holes is essentially defined by the spacing between neighbou- 

35 ring wordlines. For this reason, this contact is called a 
self aligned contact (SAC) . 
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This process involves two major disadvantages. On one hand, 
as explained above, the voltages applied to the wordlines of 
NROM™ cells are much higher than those applied to the word- 
lines of other known memory cells such as DRAM (dynamic ran- 
5 dom access memory) cells. Therefore, the nitride spacer and 
the cap nitride have to withstand much higher voltages and, 
thus, are made thicker. Consequently, the space between 
neighbouring wordlines is reduced and the aspect ratio of the 
contact holes is much increased. In more detail, since the 

10 silicon dioxide layer usually has a thickness of 500 nm, con- 
- * tact •hoies'-having a very high aspect ratio of -10 to 15 have 
to be etched. Thus, it becomes very difficult to entirely 
etch the silicon dioxide layer, the phosphorous boron silica- 
te glass as well as the underlying bitline oxide and, sxibse- 

15 quently, fill the space between neighbouring wordlines. 

On the other hand, the etching time has to be appropriately 
adjusted in order to avoid that the nitride spacer be etched 
too much. Accordingly, the process of etching the bitline 

20 oxide during the NROM™ fabrication is very critical. Unsuf- 
ficient etching times will result in an unsufficient contact 
between bitline and bitline contact. However, for a better 
device performance, a low RC constant of the bitline contact 
is necessary in order to achieve a higher saturation current 

25 and a better signal detection. Moreover, excessive etching 

times will result in shorts between bitline contact and word- 
line which is a major problem in the fabrication of memory 
cell arrays - 

30 By introducing a new etching gas, especially C5F8, having a 
higher selectivity of etching silicon dioxide deposited by 
the TEOS process with respect to silicon nitride, or by depo- 
siting a phosphorous boron silicon glass having a reduced 
thickness so that the stack which must be etched assumes a 

35 reduced height, the above problems can be partially solved. 
However, the results obtained still are not entirely satis- 
factory- 
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Another drawback arises since neighbouring bitlines are un- 
sufficiently isolated from each other. Accordingly, there is 
a remarkable danger of punchthrough or leakage. However, the 
5 introduction of a conventional STI (shallow trench isolation) 
process into the hitherto known process of manufacturing an 
NROM™ cell array would lead to an increased cell size due to 
overlay requirements. 

10 From T.H. Yoon et al . , Symp. on VLSI Tech. Dig., 1999, p. 37, 
it is known to replace an SAC process by a so-called Pre Poly 
Plug process in which doped silicon is entirely deposited and 
patterned so as to provide a cell plug in a DRAM cell . Howe- 
ver, as is obvious, a DRAM cell has a structure which is com- 

15 pletely different from that of an NROM™ cell, and, in parti- 
cular, there is no bit line oxide which has to be etched in 
order to provide a bitline contact. 

It is an object of the present invention to provide an impro- 
20 ved method for providing bitline contacts in a memory cell 

array such as an NROM™ chip. Moreover, it is an object of the 
present invention to provide an improved memory cell array. as 
well as an improved IJROM™ chip. 

25 According to the present invention, the above object is 

achieved by a method for providing bitline contacts in a me- 
mory cell array comprising a plurality of bitlines arranged 
in a first direction on a substrate, a plurality of wordlines 
arranged in a second direction crossing said first direction 

30 above said bitlines on said substrate, memory cells being 

disposed where said bitlines and wordlines cross each other, 
wherein said bitlines are covered by an isolating layer and 
all the portions of the memory cell array between the bitli- 
nes, which are not covered by the wordlines, are covered by 

35 at least one isolating layer, said method comprising the 

steps of removing said isolating layer from said bitlines by 
a step by which also the topmost of said at least one isola- 



P2001,0368 



6 

ting layer is removed from the memory cell array at those 
portions which are not covered by said wordlines, and provi-, 
ding an electrical conductive material on the exposed porti- 
ons of said bitlines. 

5 

In addition, the present invention provides a method for pro- 
viding bitline contacts in a nitride read only memory (NROM) 
chip, said memory chip comprising a memory cell array in 
which a plurality of memory cells are disposed in a substrate 

10 at the points where a plurality of bitlines arranged in a 
first direction and a plurality of wordlines arranged in a 
second direction crossing said first direction cross each 
other, wherein said bitlines are covered by an isolating lay- 
er and all the portions of said memory cell array between 

15 said bitlines, which are not covered by said wordlines, are 
covered by at least one isolating layer, each of said memory 
cells comprising a field effect transistor having an insula- 
tor covering its channel region wherein said insulator is an 
oxide-nitride-oxide multi-layer stack for storing one or more 

20 injected electrons, and a peripheral portion comprising logic 
components, said method comprising the steps as defined. abo- 
ve. 

Moreover, the present invention provides a memory cell array. 
25 as well as a nitride read only memory (NROM™) chip having 

bitline contacts produced by the method as defined above, re- 
spectively. 

More specifically, according to the present invention, the 
3 0" isolating' layer* is completely removed froth the 'memory cell 
array at those portions which are not covered by the word- 
lines. This is in contrast to the known methods in which the 
isolating layer is only partially removed at those portions 
which are photolithographically defined by a hole mask. 

35 

As a consequence, photolithography is only necessary for mas- 
king the logic components in the peripheral portion of the 
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memory chip, so that they are not etched. To this end, the 
mask for defining the memory cell array can be used for li- 
thography. However, as is obvious, such a mask is much easier 
to handle and to adjust than a mask having a hole or a stripe 
5 pattern. Accordingly, the removal of the bitline oxid is no 
longer a critical step. 

According to a preferred embodiment of the present invention, 
the step of removing the bitline oxid is performed time- 
10 controlled so that the underlying bitline is not attacked by 
this step. 

Moreover, according to a preferred embodiment of the present 
invention, the electrical conductive material is provided on 

15 the exposed portions of the bit lines by an inverse poly 

etching process, in which, first, doped polysilicon is depo- 
sited over the whole cell array and, then, the doped polysi- 
licon is removed from the areas between the bitlines. To this 
end, the doped polysilicon is advantageously covered by a 

20 photoresist material which is then patterned using a mask ha- 
ving a stripe pattern. 

This inverse poly etching process is particularly advantage- 
ous since in contrast to known methods, in which contact ho- 

25 les are etched into an isolating material, the polysilicon is 
only removed at the areas between the bitlines. Therefore, 
according to this embodiment of the present invention, a self 
aligned contact etch is not performed, and the spacer and cap 
nitride on the gate electrodes are not attacked whereby 

30 shorts between bitlines and wordlines are avoided. In additi- 
on, the aspect ratio of the bitline contacts can be increa- 
sed. As a consequence, the thickness of the spacers on the 
wordlines can be increased. 

35 Furthermore, for removing the doped polysilicon, a mask ha- 
ving a stripe pattern is used. However, the alignment of such 
a mask is much easier than the alignment of a mask having a 
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hole pattern. As a consequence, a misaligmnent of the mask 
can be largely avoided and an overlay mistake does not occur. 

In particular^ when the present invention is applied to a ni- 
5 tride read only memory cell array, the increased thickness of 
the spacer is highly advantagous since the gate electrodes in 
these cell arrays have to withstand much higher voltages 
than, for example, in DRAM cell arrays. 

10 According to a preferred embodiment of the present invention, 
the _;Step,. of . etching,, the^, electrical . conductive material . .in the 
exposed regions is performed as an over-etching step so that 
part of the substrate under the electrical conductive materi- 
al is also removed. By a following step of filling an isola- 

15 ting material such as boron phosphorous silicate glass, 

neighbouring bitlines are electrically isolated from each 
other. Thus, a self-aligned shallow trench isolation (STI) is 
performed which is highly advantageous due to the smaller 
cell size required with respect of conventional STI procedu- 

20 res. 

The memory cell array as well as the nitride read only memory 
cell array of the present invention are different from the 
known memory cell arrays and nitride read only memory cell 

25 arrays, respect ively> since bitline oxide is completely remo- 
ved from the bitlines at those portions which are not covered 
by the wordlines. In contrast, in the known memory cell 
arrays, the bitline oxide is removed at every 3rd or 4th me- 
mory cell, at those portions, at which by the conventional 

30 SAC process using a contact hble mask the "contact holes are 
defined. 

The memory cell array as well as the nitride read only memory 
cell array of the present invention are especially advantage- 
35 ous with respect to the known ones since they exhibit an im- 
proved resistance to shorts between wordlines and bitlines 
due to their increased spacer thickness. 
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The method for providing bitline contacts in a memory cell 
array can be applied to any cell type in which the bitline is 
covered by an isolating layer such as a bitline oxide. Typi- 
5 cal cell types to which the present invention can be applied 
include ROM and EPROM cells. 



10 



15 



20 



25 



In the following, the present invention will be described in 
more detail with reference to the accompanying drawings. 



Figure 1 
Figure 2 

Figures 3 

Figures 5 to 9 



Figures 10 to 12 



shows a cross-sectional view of an NROM™ 
memory cell; 

shows an examplary memory cell array to 
which the present invention can be 
applied; 

and 4A to 4C illustrate the steps for 
preparing an NROM™ memory cell array 
according to known methods; 
illustrate the steps of removing the 
bitline oxid in the method for providing 
a bitline contact according to the 
present invention; and 

illustrate the steps of providing an elec 
trical conductive material in the method 
for providing a bitline contact according 
to the present invention. 



The following description of the preferred embodiment of the 
present invention will mainly focus on the process of manu- 

30 facturing an NROM™ memory cell array, in which essentially 
the steps of creating the memory cell components are descri- 
bed whereas the definition of the peripheral parts of the me- 
mory cell array comprising logic components is only schemati- 
cally outlined. As is clearly to be understood, the periphe- 

35 ral parts of the memory cell array are manufactured by gene- 
rally known methods. 
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First, isolation trenches 21 for a standard shallow trench 
isolation (STI) are etched in a substrate 1, for example of 
p-doped silicon, and, subsequently are filled with an isola- 
ting material such as silicon dioxide. These isolation tren- 
5 ches are provided at a distance corresponding to the distance 
of approximately 64 bit lines, which are to be defined later, 
and they are used for separating larger cell areas . 

Then, an ONO multi- layer comprising a 5 nm to 15 nm Si02 lay- 
10 er 5/ a 2 to 15 nm Si3N4 layer 6 and a 5 to 15 nm Si02 layer 7 
„is deposited by conventional processes on the semiconductor 
substrate 1 so that the entire substrate is covered with an 
ONO multi-layer as is shown in Figure 3. 

15 Thereafter, a bitline mask which is typically photoresist 

patterned in a well known manner is deposited on the sxibstra- 
te in order to create the bitlines, forming lines of source 
electrodes and lines of drain electrodes. The layout of the 
bitline mask within the memory cell array portion of the chip 

20 is shown in Figure 4A. As is shown in Figure 4B, the photore- 
sist columns 12 define the areas where the bitlines 2 are not 
to be implanted. Accordingly, they are disposed at the chan- 
nel regions 13 of the transistors as is shown in Figure 1. 
Figure 4C shows a .cross section of the memory cell having the 

25 implanted bitlines. 

Next, the top oxide 7 and the nitride layer 6 are etched from 
the regions between the photoresist columns 12, typically by 
a dry etching process. Thereafter, the bitlines 2 are implan- 
30' ' ted in the areas between' the" photoresist * columns 12' with 'an 
n-dopant. By this process, the bitlines 2 are implanted in a 
self -aligned manner with respect to the photoresist columns 
12. 

35 Then, the photoresist columns 12 are removed, the ONO multi- 
layer is removed from the peripheral parts of the chip and a 
thermal oxidation process is perfomed. Thereby, bitline oxi- 



P2001,0368 



11 

des 3 are thermally grown over the bitlines 2, Since the 
growth rate is much higher on the highly doped bitlines than 
on the nitride and oxide layers 6, 7, a thick layer of sili-- 
con dioxide is grown over the bitlines whereas a thin layer 
5 of silicon dioxide is grown along the sides of the nitride 

layer 6 and a thin layer of silicon dioxide is grown over the 
oxide layer 7. Moreover, a silicon dioxide layer acting as a 
gate isolating layer is grown in the peripheral portion of 
the chip. 

10 

A bitline oxide thickness of 20 to 70 nm is considered appro- 
priate. Figure 4C shows a cross sectional view of the resul- 
ting structure. 

15 Then, a polysilicon layer which will create wordlines of the 
memory cell array portion and will create gates for the peri- 
pheral transistors, is laid down over the chip. In the next 
step, a low resistive silicide, for example tungsten silici- 
de, is deposited over the polysilicon layer so as to form a 

20 polycide layer having a reduced resistance. A typical total 
thickness of the polycide layer amounts to 100 to 200 nm. As 
shown in Figure 2 the polycide layer is then etched using a 
mask. Thereby, wordlines 4 are defined within the memory cell 
array, whereas gate electrodes are defined in the peripheral 

25 portion. 

This etching step can be performed so that also at least the 
top oxide layer 7 and the nitride layer 6 are etched from 
between the word lines 4. As a result, only. the bottom oxide 
30 layer 5 will remain in these areas, and it will be etched in 
the step of etching the bitline oxide to be performed later. 
This is especially useful if a self aligned shallow trench 
isolation is to be provided during the inverse poly etch 
process . 

35 

As an alternative, the step of etching the wordlines can also 
be performed so that the top oxide layer 7 and the nitride 
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layer 6 are not attacked. In this case, the top oxide layer 7 
will be etched in the step of etching the bitline oxide to be 
performed later, and the nitride layer 6 will act as an etch 
stop in the inverse poly etch process. Accordingly, with this 
5 wordline etching step, a self aligned shallow trench isolati- 
on, as will be explained later, will not be possible. 

The resultant memory cell structure is shown in Figure 1. 
The polycide layer 4 lies on top of the ONO multi-layers, 
10 thereby fo3rming the gates of the NROM™ cells. The bitline 

oxides 3 are thick enough to isolate neighbouring ONO multi- 
layers . 

Thereafter, a side wall oxidation step for the wordlines 4, a 
15 lightly doped drain (LDD) implant procedure into the CMOS pe- 
riphery only and a spacer 15 deposition are performed. The 
LDD typically requires separate masks for the n- channel and 
p-channel peripheral transistors . 

2 0 In NROM™ cells, the nitride spacer on the gate electrode 

should be thicker than the nitride spacer thickness of DRAM 
or embedded DRAM cells since they have to withstand a higher 
voltage due to the higher voltage applied to the gate.: elec- 
trodes. It is estimated that the spacer thickness should ex- 

25 ceed 40 nm; 

After forming this spacer, a nitride liner as well as a thick 
silicon dioxide spacer are deposited over the whole chip 
area. The thick silicon dioxide spacer which is formed by a 
30 chemical vapour deposition process- using tetraethylorthosili- 
cate (TEOS) is used for the transistors built in the periphe- 
ral portion. Thereafter, the thick silicon dioxide spacer is 
removed from the memory cell portion of the chip. 

35 In the next step, the process of the present invention will 

be performed so as to define the bitline contacts for contac- 
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ting the bitlines with metal lines which are to be formed la- 
ter. 

Figure 5A shows a cross sectional view of the memoary cell 
5 array along direction A as defined in Figure 2, whereas Figu- 
re 5B shows a cross sectional view of the memory cell array 
along direction B as defined in Figure 2 . Reference numeral 
14 denotes the active areas of the memory cell array, and re- 
ference numeral 21 denotes an isolation trench filled with 

10 silicon dioxide which is used for separating larger cell 

areas. These isolation trenches 21 which are arranged every 
64 bitlines were produced during the shallow trench isolation 
as explained above. Figure 5C shows a cross sectional view of 
the logic devices arranged in the peripheral part of the 

15 chip. 

The nitride liner which was deposited after forming the ni- 
tride spacer may be partially removed at those locations at 
which the bit line oxide is to be etched. 

20 

First/ a thin silicon dioxide layer 16 as well :as a thin si- 
licion nitride layer 22 are deposited over the whole chip. 
The thicknesses of both layers are selected so that they will 
not substantially be attacked during the following etching 
25 steps. As an alternative, the nitride liner is not removed 
and, in addition, a thin silicon nitride layer as well as a 
thin silicon dioxide layer are deposited, 

. Then, a photoresist material 17 (Figure 6C) is coated onto 
30 the whole chip and it is photolithographically patterned for 
masking the peripheral portion of the chip. As a result, the 
photoresist is removed from the whole memory cell array por- 
tion of the chip, whereas the photoresist material remains in 
the peripheral portion thereof. 

35 

As can be seen from Figure 6A which shows a cross sectional 
view of the memory cell array along direction A as defined in 
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Figure 2 as well as from Figure 6B which shows a cross sec- 
tional view of the resultant memory cell array along direc- 
tion B as defined in Figure 2, the photoresist material is 
completely removed from the memory cell array portion. As 
5 shown in Figure 6C which shows a cross sectional view of the 
logic devices arranged in the peripheral portion of the chip, 
the peripheral portion is completely protected by the photo- 
resist material . 

10 In a next step, the silicon nitride is etched selectively 

with respe.ct to . the -underlying silicon dioxide layer . (Figures . 
7A to 7C) , and the photoresist material is removed from the 
whole surface. As a result, the peripheral portion is covered 
by a thin silicon nitride- layer whereas the memory cell array 

15 is covered by the thin silicon dioxide layer, as can be seen 
from Figures 8A to 8C- 

In the next step, the silicon dioxide is select ively etched 
with respect to silicon. In order to avoid that the nitride 

20 spacer of the gate electrodes will be attacked, it is im- 
portant that the silicon dioxide is etched selectively with 
respect to silicon nitride, too. Since this etching process 
is time controlled, the silicon dioxide filled in the isola- 
tion trenches 21 will not be substantially attacked. Moreo- 

25 ver, the bitlines formed of highly doped silicon will not be 
etched. Accordingly, the silicon dioxide is removed from the 
whole cell array, whereas the peripheral portion remains un- 
affected since it is protected by the silicon nitride layer 
22, as can be seen from Figures 9A to 9C, wherein Figures 9A 

30 and 9B show a cross sectional view of the* resultant memory 

cell array along direction A or B as defined in Figure 2, re- 
spectively, whereas Figure 9C shows a cross sectional view of 
the peripheral portion of the chip. 

35 Since the bitline oxide is etched selectively with respect to 
silicon nitride and, in addition, the wordlines have been co- 
vered by an isolating layer such as made of silicon dioxide 
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before depositing the photoresist material, the spacer on the 
wordlines is not attacked by this etching step. 

This step of etching the silicon dioxide layer removes the 
5 silicon dioxide layer from the whole memoiry cell array. In 
detail the bitline oxide is etched from the bitlines at the 
portions which are not covered by the wordlines, and, in ad- 
dition, a silicon dioxide layer is etched from the portions 
between the bitlines 2 which are not covered by the wordlines 

10 4. In particular, if in the step of etching the wordlines, 

the ONO multi- layer stack has not been attacked, now the top 
oxide layer 7 is etched. On the other hand, if in the step of 
etching the wordlines the top oxide layer 7 and the nitride 
layer 6 have been etched, now the bottom oxide layer 5 is 

15 etched. 

As a further modification of the described process steps, the 
spacer of the gate electrodes may as well be formed of sili- 
con dioxide. Accordingly, the silicon nitride liner, which 
20 was deposited after the spacer formation, protects the under- 
lying silicon dioxide spacer from etching. Since silicon di- 
oxide has a higher resistance to breakthrough, the use of a 
silicon dioxide spacer is highly advantageous. 

25 In the next steps, an electrical conductive material will be 
provided on the exposed portions of the bitlines. This can be 
done by a conventional process, which provides self -aligned 
contacts as was outlined above, or, according to a preferred 
embodiment of the present invention, by a so-called inverse 

30 poly etch as will be explained later. 

For providing the electrical conductive material in the con- 
tact hole by a conventional process, first, a silicon oxyni- 
tride liner followed by a boron phosphorous silicate glass 
35 (BPSG) is deposited over the entire chip area. Thereafter, a 
silicon dioxide layer is deposited by a chemical vapour depo- 
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sition process using TEOS (tetraethylorthosilicate) , In" this 
• • layer- stack, ' the contact holes will be etched. 

Then, a photoresist material is coated and the contact holes 
5 for contacting the bitlines are lithographically defined 

using a contact hole mask. The contact hole mask is designed 
so that every 3rd or 4th memory cell is connected with the 
metal lines which are to be formed later. After defining the 
contact holes in the photoresist layer, the silicon dioxide 
10 layer as well as the BPSG material are selectively . etched, 
for • example by dry" etching- -with C^Fs or CsFa:'^ *^ ' 

In a following step, the photoresist material is removed from 
the cell area and, optionally, an ion implantation step with 
15 arsenic ions is performed so as to reduce the contact resi- 
stance. 

In the next step, an electrical conductive material such as 
n*-doped polysilicon is deposited so as to fill the contact 
20 holes. Then, the polysilicon on the chip surface is recessed, 
for example by wet etching or plasma etching using the BPSG 
layer as an etch stop layer. Thereafter, the metal lines will 
be formed in a manner that will be described later. 

25 According to a preferred embodiment of the present invention, 
an electrical conductive material such as n"*"-doped polysili- 
con is provided by a so-called inverse poly etch process in 
which a doped polysilicon layer is deposited over the whole 
chip area, and this polysilicon layer is removed from those 

30 portions at which no contact is to be made. 

First, a wet cleaning process is performed in order to remove 
silicon dioxide residues as well as a native oxide from the 
silicon surface, so that the doped polysilicon layer will be 
35 directly deposited on the silicon surface- Thereafter, a hig- 
hly n-doped polysilicon layer 18 is deposited so as to cover 
the whole chip area. Next, a chemical mechanical polishing 
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Step with a target of approximately 100 nm above the nitride 
cap of the wordline is performed. The resulting structure is 
shown in Figures lOA to IOC, wherein Figure lOA shows a cross 
sectional view of the memory cell array along direction A as 
5 defined in Figure 2, Figure lOB shows a cross sectional view 
of the memory cell array along direction B as defined in Fi- 
gure 2, and Figure IOC shows a cross sectional view of the 
logic devices arranged in the peripheral portion of the chip. 

10 Thereafter, a hardmask layer 19 of silicon nitride having a 
thickness of approximately 200 nm is deposited, and a photo- 
resist material (not shown) is coated. Using a mask having a 
stripe pattern, for example a mask similar to that shown in 
Figure 4A, the photoresist material is patterned so that in 

15 the resulting photoresist pattern the areas between the bit- 
lines 2 are exposed. The mask having a stripe pattern can for 
example be generated using the bitline mask. 

Then, in the exposed areas between the bitlines. 2, the hard- 
20 mask layer 19 is removed and the n*-doped polysilicon 18 is ^ 
removed by etching selectively with respect to silicon nitri- 
de. If during the step of patterning the wordlines 4 the top 
oxide layer 7 and the nitride layer 6 have not been removed 
from between the wordlines 4, this etching step will stop on 
25 the nitride layer 6, 

According to an especially preferred embodiment of the pre-- 
sent invention, the top oxide layer 7 and the nitride layer 6 
have been removed from between the wordlines 4 during the 

30 step of patterning the wordlines 4, so that now no etch stop 
is present and the silicon substrate 1 is slightly etched in 
the cell area between the bit lines. The overetching is pre- 
ferably performed time controlled so that a depth of the sub- 
strate larger than the implantation depth of the bitlines is 

35 etched. 
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Thereby, an isolation trench is formed in the memory cell 
array in a self aligned manner. Accordingly, by providing an 
isolating material in the isolation trench, neighbouring bit- 
lines can be electrically isolated. Thus a self-aligned shal- 
5 low trench isolation procedure can be performed which is 

advantageous with respect to the conventional shallow trench 
isolation procedure since in the procedure of the present in- 
vention there is no need of increasing the cell size in order 
to provide the isolation trenches. 

10 

In a-following step, the photoresist material will be remo^ 
ved. After removing the photoresist material, a structure as 
shown in Figures llA to lic is obtained, wherein Figure llA 
shows a cross sectional view of the memory cell array along 

15 direction A as defined in Figure 2, Figure IIB shows a cross 
sectional view of the memory cell array along direction B as 
defined in Figure 2, and Figure IIC shows a cross sectional 
view of the logic devices arranged in the peripheral part of 
the chip. As can be clearly seen from Figures llA and lie, 

20 the polysilicon 18 remains only at those portions above the 
bitlines 2, whereas it is completely removed over the logic 
components in Figure IIC. Since a thin silicon dioxide layer 
16 and a thin silicon nitride layer 2 2 were deposited before 
removing the bit line oxide, the peripheral portion is protec- 

25 ted from etching. 

Thereafter, a boron phosphorous doped silicate glass (BPSG) 
layer 2 0 is deposited over the entire chip area and it is 
planarized using chemical mechanical polishing using the si- 

30 licon nitride hardmask as a stop. The resultant structure is 
shown in Figures 12A to 12C, wherein Figure 12A shows a cross 
sectional view of the memory cell array along direction A as 
defined in Figure 2, Figure 12B shows a cross sectional view 
of the memory cell array along direction B as defined in Fi- 

35 gure 2, and Figure 12C shows a cross sectional view of the 
logic devices arranged in' the peripheral part of the chip. 
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Accordingly, the bitline contacts are completed by providing 
an electrical conductive material by a method in which, 
first, the material is deposited over the whole chip area 
and, then, it is removed from the areas at which a contact is 
5 not to be made. As a consequence, a self aligned etching step 
in which the wordlines act as an etching mask and, thus, 
could be attacked, does not occur. Since the etching step is 
not self aligned, the width between the word lines can be 
further reduced so that the thickness of the spacers on the 
10 gate electrodes can be increased. As a consequence, shorts 

between wordlines and bitline. contacts can be largely avoided 
whereby the device performance is greatly improved. 

The device performance can be remarkably improved if a self 
15 aligned shallow trench isolation is provided. As can be cle- 
arly seen from Figure 12A, isolation trenches filled with bo- 
ron phosphorous glass are formed between the bitlines so as- 
to provide an electrical isolation. 

20 After removing the silicon nitride hardmask, the metal lines 
will be formed. The metal lines can be formed using the so- 
called damascene technique or any other arbitrary process. 
For creating the metal lines using the so-called damascene 
technique, first a silicon dioxide layer is deposited onto 

25 the entire chip area by a chemical vapour deposition process 
using tetraethylorthosilicate. Thereafter, trenches are 
etched into the silicon dioxide layer using a mask having a 
stripe pattern, for example the mask as used for defining the 
bitline contacts or a similar mask. 

30 

Then, a titanium liner and a layer of tungsten are deposited 
and the trenches are filled with these metals. Finally, the 
surface is planarized using chemical mechanical polishing or 
etching back of the metal so that the trenches are completely 
35 filled and no metal remains in the spaces between the tren- 
ches so that the trenches are electrically isolated from each 
other . 
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According to a different process, it is also possible to - 
first deposite a titanium liner and the tungsten material, 
deposit a photoresist material, lithographically define the 
5 metal lines using a mask having a stripe pattern, for example 
the bitline mask, etch the metal layers and deposit silicon 
dioxide in order to electrically isolate the metal lines from 
each other - 

10 Thereafter, the memory chip is completed in a conventional 

manner; . . 

According to a further mddif ication (not shown) of the pre- 
sent invention, on the structures as shown in Figures 5A to 
15 5C, only a thin silicon dioxide layer 16 having an appropria- 
te thickness as defined above is deposited, and the thin si- 
licon nitride layer 22 is omitted . 

In the next step, the peripheral portion of the chip is mas- 
20 ked by a photoresist material, and the silicon dioxide is 

etched in the memory part of the chip. Then, the electrical 
conductive material is provided on the exposed portions of 
the^ bitlines. To this end, the conventional process for pro- 
viding self aligned contacts as explained above can be per- 
25 formed. It is also possible to perform the inverse poly 

etching process as explained above. However, since in this 
case the peripheral portion of the chip is not protected by 
the silicon nitride layer 22, it is necessary that the doped 
polysilicon is etched selectively with respect to silicon di- 
30 oxide in order to avoid that the logic components will be at- 
tacked. Thereafter, the memory chip will be completed in the 
manner as described above. 



P2001, 0368 



Claims 



30. Mai 2001 



1. A method for providing bitline contacts in a memory cell 
array comprising a plurality of bitlines (2) arranged in a 

5 first direction on a substrate (1) , a plurality of wordlines 
(4) arranged in a second direction crossing said first direc- 
tion above said bitlines (2) on said substrate (1) , memory 
cells being disposed where said bitlines and wordlines cross 
each other, wherein said bitlines are covered by an isolating 
10 layer (3) and all the portions of the memory cell array bet- 
ween the bitlines, which are not covered by the wordlines, 
are covered by at least one isolating layer (5, 6, 7) , said 
method conprising the steps of: 

- removing said isolating layer (3) from said bitlines by a 
15 step by which also the topmost (5, 7) of said at least one 

isolating layer is removed from the memory cell array at tho- 
se portions which are not covered by said wordlines (4) ; and 

- providing an electrical conductive material (18) on the ex- 
posed portions of said bitlines. 

20 

2. The method for providing bitline contacts in a memory cell 
array according to claim 1, wherein the step of removing the 
isolating layer (3) from the bitlines (2) comprises the step 
of time -control led etching the isolating layer (3) selective- 

25 ly with respect to the wordlines (4) . 

3. The method for providing bitline contacts in a memory cell 
array according to claim 1 or 2, wherein the step of provi- 
ding an electrical conductive material (18) on the exposed 

30 portions of said bitlines comprises the steps of: 

- depositing an isolating material onto the memoiry cell 
array; 

- coating a photoresist material and lithographically defi- 
ning contact holes in said photoresist material; 

35 - etching said isolating material so as to create said con- 
tact holes; and 
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- depositing an electrical conductive material so as to fill 
said contact holes with said electrical conductive material. 

4 . The method for providing bitline contacts in a memory cell 
5 array according to claim 1 or 2 , wherein the step of provi- 
ding an electrical conductive material (18) on the exposed 
portions of said bitlines comprises the steps of: 

- depositing said electrical conductive material (18) onto 
the memory cell array; 

10 - removing said electrical conductive material (18) from the 
areas between the bitlines ;> and 

- depositing an isolating material (20) in the areas between 
the bitlines. 

15 5 . The method for providing bitline contacts in a memory cell 
array according to claim 4, wherein the step of removing said 
electrical conductive material (18) from the areas between 
the bitlines (2) comprises the steps of: 

- coating a photoresist material on said electrical conduct i- 
20 ve material and lithographically defining the regions where 

the electrical conductive material is to be removed using a 
mask having a stripe pattern; and 

- etching the electrical conductive material (18) in the ex- 
posed regions . 

25 

6 . The method for providing bitline contacts in a memory cell 
array according to claim 5, wherein by the step of removing 
said isolating layer (3) from said bitlines the substrate (1) 
is -exposed at the portions between the bitlines which are not 

30 covered by the wordli'nes, and ^ 

the step of etching said electrical conductive material (18) 
is performed as an over-etching step so that part of the sub- 
strate (1) under the electrical conductive material is remo- 
ved . 

35 

7. The method for providing bitline contacts in a memory cell 
array according to any of claims 2 to 6, wherein said isola- 
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ting material (20) is a silicate glass doped with boron 
and/or phosphorous, 

8. The method for providing bitline contacts in a memory cell 
5 array according to any of claims 1 to 7, wherein said elec- 
trical conductive material (18) is doped polysilicon, . 

9. A method for providing bitline contacts in a nitride read 
only memory chip, said memory chip comprising 

10 - a memory cell array in which a plurality of memory cells 
are disposed in a substrate (1) at the points where a. plura- 
lity of bitlines (2) arranged in a first direction and a plu- 
rality of wordlines (4) arranged in a second direction 
crossing said first direction cross each other, wherein said 

15 bitlines are covered by an isolating layer (3) and all the 

portions of said memory cell array between said bitlines (2) , 
which are not covered by said wordlines (4) , are covered by 
at least one isolating layer (5,6,7), 

each of said memory cells comprising a field effect transi- 
20 stor having an isulator convering its channel region wherein 
said insulator is an oxide-nitride-oxide multi-layer stack 
for storing one or more injected electrons, and 
- a peripheral portion comprising logic components, 
said method comprising the steps as defined in any of claims 
25 1 to 8. 

10. A memory cell array having bitline contacts produced by 
the method of any of claims 1 to 8 . 

30 11. A nitride read only memory chip having bitline contacts 
produced by the method of claim 9. 
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Abstract 

A Method for providing Bitline Contacts in a Memory Cell 
Array and a Memory Cell Array having Bitline Contacts 

5 

A memory cell array comprises a plurality of bit lines (2) ar- 
ranged in a first direction on a substrate (1) , a plurality 
of wordlines (4) arranged in a second direction perpendicular 
to said first direction above said bitlines (2) on said sub- 

10 strate (1) , memory cells being disposed at the points at 

which said bitlines and wordlines cross each other, wherein 
said bitlines are covered by an isolating layer (3) and all 
the portions of the memory cell array between the bitlines, 
which are not covered by the wordlines, are covered by at 

15 least one isolating layer. The isolating layer (3) is removed 
from said bitlines by a step by which also the topmost of 
said at least one isolating layer is removed from the memory 
cell array at those portions which are not covered by said 
wordlines (4) . An electrical conductive material (18) is pro- 

20 vided on the exposed portions of said bitlines. The present 
invention can be applied to the manufacture of nitride read 
only memory cells. The electrical conductive material is pre- 
fereably provided by an inverse poly etch process, in which 
first a conductive material such as doped polysilicon is de- 

25 posited on the whole chip area and then the conductive mate- 
rial is removed from the areas between the bitlines. The con- 
ductive material is etched in an etching step which also 
etches part of the substrate under the conductive material 
between the bitlines. Since in a subsequent step the area 

3 0 between the bitlines is filled with an isolating material, 
isolation trenches are formed in a self aligned manner. 

Figures 2 and 12A 
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